In our attempt to comprehensively understand the nature of association of variants at 11q23.3 apolipoprotein gene cluster region, we genotyped a prioritized set of 96 informative SNPs using Fluidigm customized SNP genotyping platform in a sample of 508 coronary artery disease (CAD) cases and 516 controls. We found 12 SNPs as significantly associated with CAD at P <0.05, albeit only four (rs2849165, rs17440396, rs6589566 and rs633389) of these remained significant after Benjamin Hochberg correction. Of the four, while rs6589566 confers risk to CAD, the other three SNPs reduce risk for the disease. Interaction of variants that belong to regulatory genes BUD13 and ZPR1 with APOA5-APOA4 intergenic variants is also observed to significantly increase the risk towards CAD.
Introduction
Coronary artery disease (CAD) is most predominant and ranks as number one in causing deaths due to cardiovascular diseases (CVDs) in India. Dyslipidemia, diabetes, hypertension, smoking and obesity or overweight were identified as traditional risk factors of CAD across the ethnic groups [1] . The disease occurs due to the process of atherosclerosis, a progressive damage in the blood vessels supplying blood to the heart muscles. The primary event of atherosclerosis is the endothelial injury or dysfunction, which is triggered by abnormal lipoprotein metabolism with subsequent dyslipidemia [2] . It is apparent from the candidate gene association studies that relatively greater number of lipoprotein metabolism related genes is observed to be more consistently associated with CAD as compared to the candidate genes related to other metabolisms [3] . Among the genes that regulate this metabolism, apolipoprotein genes that code for cofactors of several enzymes of cholesterol transport system are the key regulators. These genes are primarily found as clusters on chromosome 11 and 19. The candidate gene [4] [5] [6] [7] and GWAS studies [8, 9] revealed 11q23.3 Apolipoprotein gene cluster region, in particular, to be more often associated with lipid traits. Exclusive attempts were also made to comprehensively understand the role of genetic variants in this lipid influencing region among the Caucasians [10] and north Indian Punjabis [8] and a couple of polymorphisms were found to be associated with high density lipoprotein cholesterol (HDL-C) and plasma triglyceride (TG) concentrations.
Indians are known to have a unique pattern of dyslipidemia, usually characterized by low levels of low density lipoprotein cholesterol (LDL-C), elevated triglycerides and low HDL with predominantly atherogenic and small-dense LDLs [11, 12] . This characteristic feature is referred to as 'atherogenic dyslipidemia' [13, 14] . Although a few of the conventional polymorphisms within the APOAI-CIII-AIV-AV gene cluster region were found to be associated with lipid traits [15, 16] , a large number of SNPs in this region remained unexplored for their association with CAD as well as with the lipid traits among Indians. On the other hand, with its reported incidence of 67.6% among the CAD cases, dyslipidemia appears to be the primary cause of CAD in southern Indians [17] . Given the characteristic dyslipidemic feature of Indian populations in general and particularly the South Indians, it is imperative to explore the possible association of polymorphisms at 11q23.3 apolipoprotein gene cluster region with CAD among them. Spanning~200KB, this chromosomal region contains three regulatory protein coding genes-BUD13, ZPR1 and SIK3-and four apolipoprotein coding genes-APOA1, APOC3, APOA4 and APOA5. In the present study, we made an attempt to explore the association pattern of 96 prioritized SNPs of the 11q23.3 region with CAD in the population of Hyderabad, India.
Materials and Methods

Ethics statement
The study protocol was approved by the Indian Statistical Institute Review Committee for Protection of Research Risks to Humans. Written informed consent for all the participants is obtained as per the guidelines.
The study design and population
A total of 1024 individuals including 508 CAD cases and 516 controls, broadly representing the population of Andhra Pradesh, participated in our case-control study. Patients with characteristic symptoms of stable/unstable angina pectoris along with variable degrees (generally >40%) of stenosis in at least one of the major coronary arteries as determined through angiogram were included in the study. Cases with monogenic diseases, valvular heart disease, cardiomyopathy, renal disease, acute and chronic viral or bacterial infections, asthama, tumours or connective tissue diseases and other vascular diseases were excluded from the study. All the cases were evaluated by interventional cardiologists at the CARE Hospitals, Hyderabad, for the above mentioned criteria. Control samples were recruited by conducting free health camps in and around Hyderabad and broadly representing subjects aged above 45 years and with similar ethnic backgrounds as that of the cases. The individuals with characteristic features of any of the above mentioned disease conditions were not included as part of the controls. However, certain proportions of both the case and control subjects were found with T2DM, dyslipidemia and hypertension.
The population of Hyderabad is a conglomeration of people from different parts of the undivided state of Andhra Pradesh and the mother tongue of most of its population is Telugu, one of the four Dravidian languages. It would be also pertinent to note that despite the subdivision of Telugu population into a number of traditionally endogamous castes and sub castes, Reddy et al. [18] observed genetic differentiation among the populations of Andhra Pradesh to be very low and insignificant; the Markov chain Monte Carlo analysis of population structure, which implements model based clustering method for grouping individuals into populations [19, 20] , did not reveal any unique population clusters, suggesting high degree of genetic homogeneity.
Data and sample collection
Data pertaining to present age, sex, age at diagnosis for cases, height, weight, waist circumference, hip circumference and other background information such as history and current status of smoking, alcoholism and food habits were obtained through a detailed questionnaire. The data pertaining to the current status of the subjects on diabetes, dyslipidemia and hypertension were drawn from hospital records for the cases and through personal interviews for controls. About 5-6ml of fasting blood sample was collected peripherally by certified medical lab technicians. Clinical investigations were done for lipid profile and blood sugar for all the samples at Tapadia diagnostic centre, Hyderabad, using AutoAnalyzer.
DNA Isolation, SNP selection and Genotyping
DNAs were isolated from all the blood samples using phenol chloroform method [21] and quantified with the help of Thermo Scientific Varioskan™ Flash Multimode Reader using Quant-iT™ PicoGreen1 dsDNA Assay Kit.
Apolipoproteins act as cofactors and inhibitors of several enzymes of lipoprotein metabolism and also regulate the cholesterol transport system by being components of HDL cholesterol, LDL cholesterol and very low density lipoproteins (VLDL). Mutations in the genes coding for these proteins lead to abnormal lipoprotein metabolism resulting in increased plasma lipid levels which inturn cause dyslipidemia and/or CAD. In addition to the SNPs at APOAI-CIII-AIV-AV genes clustered at 11q23.3 chromosomal region, SNPs located at BUD13 and ZPR1 genes were also identified through GWAS [22] as associated with abnormal lipid traits, which have been replicated among Europeans, Chinese and Asian Indians. Except for a couple of conventional polymorphisms related to APOAI-CIII-AIV-AV genes there have been hitherto no genetic studies on the significant GWAS identified SNPs among the south Indian populations. Therefore, to comprehensively genotype the variants at 11q23.3 chromosomal region, we gathered information on SNPs pertaining to this region from earlier candidate gene and sequencing studies and from databases particularly EBI-NHGRI GWAS database, HAP-MAP and dbSNP. Given the key role of BUD13 in splicing mechanism and ZPR1 as essential protein for normal cell proliferation and signal transduction, we also included SNPs related to these regulatory protein coding genes. A total of 130 SNPs, mostly studied through candidate gene and GWAS approaches, were subjected to Fluidigm D3 Assay design software [23] and a panel of 96 SNPs with high efficiency for genotyping was chosen (S1 Table) . Most of these SNPs were characterized as intronic/intergenic and none were studied for their functional role in the manifestation of dyslipidemia or coronary artery disease, except for rs964184 which is a 500BP downstream variant of ZPR1 gene.
Genotyping was performed using fluidigm nanofluidic SNP genotyping system. 
Statistical Methods
The descriptive statistical analysis of the background data on quantitative variables was done using MINITAB (version 17). The significance of the mean difference between two groups was obtained using students T-test. Genotyping quality check and association analysis of alleles were done using PLINK [24] . Genotype-phenotype association analysis assuming different genetic models-dominant, co-dominant, recessive, over dominant and log-additive-and logistic regression analysis with covariates were performed using 'SNPassoc' package of R PRO-GRAM. Analysis of the cumulative effect of risk alleles was done with the help of Microsoft EXCEL. The power of our study in discriminating CAD (Receiver Operating Characteristic curve) based on the cumulative risk scores was estimated using SPSS (Version 21, IBM SPSS). Linkage disequilibrium and haplotype association analyses were done using HAPLOVIEW (Version 4.2). RevMan version 5.3 was used for Meta-analysis.
Results
The means and SDs of age, age at onset of the disease, body mass index (BMI), waist hip circumference ratio (WHR), systolic blood pressure (SBP), diastolic blood pressure (DBP), fasting blood sugar (FBS) and lipid profile are presented separately for CAD patients and controls in Table 1 . While the mean values of BMI, DBP, TC, HDLC, LDLC are significantly lower (P = 0.015, 0.028, 0.0001, 0.0001, 0.0001, respectively), the mean systolic blood pressure (P<0.007) and fasting blood sugar (P<0.0001) are significantly higher among the CAD patients. The elevated triglyceride levels with optimum TC and LDLC of the controls represent characteristic atherogenic dyslipidemic feature of the general south Indian population. However, we found average LDLC and HDLC levels to be lower than the NCEP ATPIII defined normal values for the CAD patients. This trend is similar to that observed in a study of large cohort of US CAD subjects, which analyzed admission levels of LDLC and HDLC while adjusting for confounding factors, particularly the lipid lowering medication history before admission [25] . Unfortunately, we could not obtain data on medication, which would have enabled us to explain our findings more specifically.
The allelic association with CAD
The association analysis of 75 SNPs which are in HWE suggests 12 SNPs as significantly associated with CAD at P <0.05 albeit only four of these remained significant after Benjamin Hochberg correction for multiple correction. The nearby genes to which the associated SNPs belong, allelic frequencies, chi-square values, and odds ratios are presented in Table 2 . The odds ratios from the logistic regression analysis suggest that the minor alleles of the following SNPsrs1263171-A, rs664059-T, rs10488699-A, rs6589566-G and rs2075294-Tare associated with increased risk, whereas rs5072-T, rs2849165-A, rs633389-T, rs1263163-A, rs7396835-T, rs17440396-A and rs2187126-Gare associated with decreased risk for CAD. While five of the above 12 SNPs (rs2849165, rs633389, rs1263163, rs1263171, rs7396835) belong to intergenic region of APOA5-APOA4 genes, one SNP (rs5072) belongs to intronic region of APOA1 gene. Of the remaining, four SNPs (rs17440396, rs664059, rs10488699, rs2187126) belong to intronic regions of BUD13 and two (rs6589566 and rs2075294) belong to ZPR1 regulatory gene. However, out of the most prominent four SNPs (rs2849165, rs17440396, rs6589566 and rs633389) that remained significant even after Benjamin Hochberg correction, only one (rs6589566) appears to confer significant risk to CAD, while the others seem to reduce risk for the disease. Since the 11q23.3 chromosomal region plays a vital role in regulating lipid traits, we analyzed the association of these SNPs adjusting for covariates age, sex and lipid traits, viz. total cholesterol (TC), LDL cholesterol, HDL cholesterol, triglycerides and VLDLs. The results suggest that only 6 out of the 12 SNPs show significant association after adjusting for covariates, suggesting independent effects; while rs664059, rs6589566 and rs2075294 remained significantly associated with increased risk for CAD, rs2849165, rs7396835 and rs17440396 showed decreased risk for CAD (Table 2 ). In addition to these an APOA5-APOA4 intergenic SNP rs633867-T, which was not associated with CAD earlier, turned out to be significant with increased risk after adjusting for covariates (OR = 1.96(1.17-3.28); p value = 0.009). We further explored possible association of these 12 CAD related variants with the quantitative lipid traits viz., TC, LDLC, HDLC, TG and VLDL, as the main phenotypes. A significant association of rs17440396, rs2187126, rs633389 and rs1262163 is apparent with TC and LDLC implying their risk for dyslipidemia in contrast to rs6589566 that showed negative regression suggesting decreasing risk for dyslipidemia (S3 Table) . This trend is consistent with the genotypic distribution of mean levels of LDLC and TC (S1 Fig). However, assuming that the dyslipidemia is the primary trigger for CAD, these trends are somewhat contradictory to the pattern of association of these SNPs with CAD. This may imply that the variants at 11q23.3 chromosomal region exhibit distinct effects in manifesting CAD and/or dyslipidemia. 
Genotypic association with CAD
In order to understand the genotype-phenotype relationship, we performed logistic regression of CAD on the genotypes under different genetic models and the results are provided in Table 3 . The best genetic model for the genotypic effect was chosen based on the lowest AIC (akaike information criteria) value. We observed three variants that belong to APOA5-APOA4 intergenic region, rs633389 (OR = 0.49; P value = 1.72x10 -6 ), rs1263163 (OR = 0.48; P value = 6.8x10 -8 ) and rs2849165 (OR = = 0.47; P value = 1.6x10 -12 ) to be significantly associated with CAD under log additive model. While the intronic variant rs17440396 of BUD13 showed highly significant protective effect under dominant model (AG-AA vs GG; OR = 0.08, P value = 1.4x10 -37 ), rs2187126 displayed similar association (AG vs AA-GG; OR = 0.63, P value = 0.007) under over-dominant model. On the contrary, rs6589566 that belongs to ZPR1 intronic region is found to increase risk towards CAD (AG-GG vs AA; OR = 2.38, P value = 6.04x10 -10 ), under dominant model. This analysis suggests possible protective role of BUD13 regulatory gene against CAD in our population while the other regulatory gene, ZPR1, confers susceptibility to CAD. Except for the variant rs2187126, the patterns of association remained similar after adjusting for the covariates (Table 3) . Gabriel et al [26] haplotype block definition criteria, 11 haplotype blocks were identified in this chromosomal region. Table 4 provides the information on SNPs and genomic region covered in each of the haplotype blocks. Table 5 provides frequencies of the associated haplotypes with the respective blocks and constituent SNPs along with the results of logistic regression analysis. We found haplotypes AT (OR = 1.28; p value = 0.01) and CGTTAT (OR = 1.57; P value = 0.03) carrying risk alleles of the SNPs, rs664059 and rs2075294,from the H3 and H5 haplotype blocks, respectively, as associated with increased risk for CAD. The TC haplotype with SNPs rs633389 and rs633867 that belong to H6 block is found to show decreased risk for CAD (OR = 0.04; P value = 6.97x10 -10 ). These patterns of haplotypic association are similar after adjusting for age and sex as covariates. However, after adjusting for age and sex we observed TT haplotype of H6 block to be associated with increased risk for CAD (OR = 1.49; P value = 0.047). This is similar to the allelic association finding from logistic regression analysis, where SNP rs633867 exhibited significantly increased risk for CAD after adjusting for covariates. On the other hand, GTCT haplotype of block H4, which was significantly associated (OR = 1.36; P value 0.049) with increased risk for the disease turns out to be non-significant (P value = 0.1) after adjusting for the covariates. However, no SNP that belongs to this block is found associated at allelic or genotypic level with the disease.
Linkage Disequilibrium and Haplotype analysis
SNP-SNP interactions
Given that the SNPs under study are within 200kb of 11q23.3 chromosomal region, we attempted to understand the interaction effects among these SNPs on the CAD by standard parametric approach implemented through pair wise logistic regression analysis of the associated 12 SNPs using PLINK. From the pairs of SNPs that showed significant interactions along with the associated P values and odds ratios (Table 6 ), the following three categories of interactions can be inferred:
1. Interactions between intronic SNPs of BUD13 regulatory gene i.e., rs17440396, rs10488699, rs2187126 with intergenic SNPs rs633389, rs1263163, rs1263171 of APOA5-APOA4 genes. 2. Intronic SNP, rs6589566 of ZPR1 gene and APOA5-APOA4 Intergenic SNP rs1263163.
Interactions within APOA5-APOA4 intergenic region involving SNP pairs rs1263163-rs123171 and 1263163-rs2849165
Among the identified SNP-SNP interactions, rs2187126-rs1263171 (OR = 2.681, P Value = 1.35 x10 -05 ) and rs6589566-rs1263163 (OR = 3.548, P value = 2.91 x10 -07 ) that belong to categories one and two above show increased risk for CAD. Both the regulatory genes BUD13 and ZPR1 are involved in disease manifestation through their significant interactions with APOA4-APOA5 intergenic region.
Generalized Multifactor Dimensionality Reduction (GMDR) approach for Interaction analysis:
GMDR is an agnostic and nonparametric approach to determine the gene-gene interactions. It is widely used because of its power to detect interactions in small sample sizes while permitting adjustment for covariates. Here we carried out an exhaustive search over all possible combinations of interactions to an order of six attributes with 10 fold cross validation. However, significant interactions were observed only up to five loci combination, with interaction models above the threshold testing balance accuracy of 0.55 with significant test p-values and high cross validation consistency are selected as the best models. With their consistent occurrence in all interaction models, rs17440396 and rs2849165 emerge as the most prominent variants in the interaction analysis. This implies the presence of significant interaction between the intronic region of BUD13 gene and intergenic region of APOA4-APOA5 genes, which persists even after adjusting for age and sex (Table 7) . Additionally, interaction of rs6589566 of ZPR1 regulatory gene appeared in 5 loci model. The results of parametric and non-parametric interaction analysis are concurrent in suggesting that the interaction between intergenic variants of APOA5-APOA4 genes and intronic variants of BUD13, ZPR1 regulatory genes plays a major role in the manifestation of CAD in this population.
Results of cumulative risk score analysis for CAD associated variants
In order to determine the combined risk effect of the 12 significant SNPs, we computed the weighted mean proportion of the risk alleles at these 12 SNPs by taking 2 for two risk alleles, 1 for one risk allele and 0 for no risk alleles with weights as relative log odds ratios of different SNPs. The cumulative risk allele score for each individual is obtained by multiplying with 12 (no of SNPs in analysis). The individuals with the risk scores ranging from 2.7 to 20.9 were grouped into 12 risk categories as shown in Table 8 . Given the very low frequency of Individuals within the risk score range of 2-9 and 19-21, these were merged into the categories 1 and 12, respectively. Fig 2 shows the distribution of CAD cases and controls according to the risk category. A clear trend of increased percentage of cases with increasing risk score is observed. With reference to risk category 1, we computed odds ratios for each of the remaining 11 risk categories. An increasing trend of OR values with increasing number of risk alleles is apparent from the plot (Fig 3) . However, the odds ratios suggest significant association of CAD only with risk categories ranging from 7-12. Further, to understand the discriminative power of the risk scores, we constructed the ROC (receiver operating curve) plot (Fig 4) for the risk scores Association of Variants at 11q23.3 Chromosomal Region with Coronary Artery Disease and CAD status, which yielded area under curve (AUC) as 0.763 (95% CI: 0.729-0.798, p = <0.0001). Given these highly significant results, the observed AUC probably indicates that this study has substantial power to confer these genetic variants as predictors of risk for CAD.
Discussion
The apo genes clustered at 11q23.3 chromosomal region codes for plasma apolipoproteins APOA1, APOC3, APOA4 and APOA5. APOA1, as a major component of HDL and cofactor for lecthin cholesterol acyl transferase (LCAT) enzyme, is an established biochemical marker of CAD. APOC3 is a component of VLDL and inhibits lipase enzyme. APOA4 was found to activate LCAT enzyme. APOA5, being a component of VLDL, HDL and chylomicrons, was observed to influence plasma triglyceride levels. With these functional implications in lipoprotein metabolism, several polymorphisms at 11q23.3 were associated with elevated plasma lipoprotein and cholesterol levels and in turn also with CAD. So far, Indian studies pertaining to the above genes could validate only the conventional polymorphisms of APOA5-1131T>C (rs662799), −3A>G (rs651821), S19W (rs3135506), G185C (rs2075291) and APOC3-SacI SNP (rs5128) [6, 15, 16, 27] . On the other hand, a GWAS conducted on a sample of glycemic and non glycemic subjects, as part of Sikh Diabetes Study (SDS),Sanghera et al [8] observed an intronic variant of ZPR1 regulatory gene rs12286037 to be associated with triglycerides. This study also validated rs964184, the most consistently replicated ZPR1-BUD13 intergenic SNP across the ethnic groups. Further, exploring the association pattern of 45 SNPs located between the above two SNPs, they found five SNPs-rs7350481, rs180326, rs618923, rs10047459 and rs533556-to be associated with plasma triglycerides [8] . Similarly, Gagandeep et al. [28] observed rs964184 and rs662799 to be associated with triglycerides among the Indian subjects screened as part of the Indian migration study (IMS). However, despite their characteristic atherogenic dyslipidemic feature, the south Indian populations were not hitherto explored for these variants. Our attempt to comprehensively explore the pattern of association of variants at 11q23.3 chromosomal region with CAD, however, yielded a different set of SNPs in the population of Hyderabad. Of the genetic variants that belong to APOA5-APOA4 intergenic region, rs2849165-A, rs1263163-A and rs633389-T show a profound risk reducing effect on CAD in our population, which is perhaps a pioneering observation. That the association of rs633867-Twas significant only when adjusted for lipid traits may imply its independent risk conferring nature to CAD, which was probably masked by the confounding effects of lipid traits. This variant along with another tag SNP rs633389-T forms a significant risk conferring haplotype as well. There is also an interaction among the variants of APOA5-A4 intergenic region on the one hand and these variants with the variants of BUD13 and ZPR1 regulatory genes on the other. Of the four BUD13 SNPs, we observed rs17440396-A to be significant even after adjusting for lipid traits and regulates several associated SNPs through its interaction. Further, a bivariate genome wide approach among Europeans with metabolic syndrome has identified three SNPs (rs11825181, rs11820589, and rs10790162) of this gene to be associated with trait combinations TG-BP, TG-GLUC, and TG-HDLC, MetS and WC-TG, respectively [29] . Subsequently, one of these variants (rs10790162) was also found associated with TC among the Chinese [30] . However, none of these were found to be associated with CAD in our population.
With its evolutionarily conserved function of forming pre m-RNA Retention and Splicing (RES) complex [31] , BUD13 appears to be one of the key regulating genes of 11q23.3 chromosomal region. Our results of both GMDR and SNP-SNP pair wise interaction analysis are congruent with this in showing significant interaction of rs17440396 BUD13 intronic variant with that of intergenic APOA5-APOA4 and intronic variantsofZPR1 genes. Conversely, an intronic variant rs6589566-G of ZPR1gene is observed to exhibit high risk for CAD in the population of AP. This variant is found to interact independently with APOA5-APOA4 intergenic region as well as in combination with variants of BUD13 gene. It is found to be associated with triglycerides and LDL cholesterol among Europeans [32, 33] and with triglycerides, in conjunction with a downstream 500bp variant rs964184 (D' = 1, r2 = 1), among the Han Chinese. A Meta analysis of 14 GWAS studies on Europeans identified SNP rs964184 of ZPR1 gene to be significantly associated with HDL cholesterol, coronary artery disease [22] and other lipid traits among Asian Indians and Chinese [8, 30] . However, we did not find any association of this SNP with either CAD or any of the lipid traits in the present study. Another variant of this gene, rs2075294-T, is shown to be susceptible to CAD in our population at allelic level albeit not at the genotype level. It was observed that the deficiency of ZPR1 protein causes defects in transcription and cell cycle progression [34] due to improper localization of survival motor neuron (SMN1) protein, gems and cajal bodies. Therefore, it is imperative to understand the precise role of the variants at ZPR1 gene in regulating the apolipoprotein levels. In particular, the risk conferring nature of rs6589566 of this gene towards CAD both at the allelic and genotypic levels as well as by its interaction with rs1263163 of APOA5-APOA4 intergenic region in our population probably warrants functional validation. Overall, we found that the variants associated with CAD in the present study are unique. By far the most significant result could be the high discriminative power of the risk scores as illustrated by AUC (0.763 (95% CI: 0.729-0.798, p = <0.0001), suggesting that our study has substantial power to confer these genetic variants as predictors of risk for CAD.
Distinct patterns of association of SNPs at 11q23.3 region with CAD and Dyslipidemia
Except for the association of APOA1 gene polymorphism rs5072 (756 C>T) at the allelic level, the earlier reported conventional polymorphisms of this chromosomal region are not associated in the present study. Although this is consistent with the findings of a study from Western India [16] , the urban study of Chennai on the contrary suggests association of two conventional polymorphisms with CAD [35] . However, the meta analysis on the 3 SNPs (rs5128, rs662799 and rs651821) for which comparative data were available from the above two populations [16, 35] (S4 Table) suggests the overall effect (under the random effect model) to be nonsignificant for any of the three SNP which implies that these conventional polymorphisms may not have a direct risk conferring effect on CAD in the studied populations. This may suggest that the atherogenic dyslipidemia, with putative role in manifesting CAD in this population, has its specific genetic etiological background. In this context, it may be plausible to surmise if the regulatory genes of 11q23.3 chromosomal region that are found associated with CAD contain a pool of both upregulating and downregulating genetic variants for the lipid traits. Our quantitative trait analysis is concurrent with this conjecture, albeit the risk reducing variants of CAD are risk conferring towards dyslipidemia by their effect in elevating LDLC and TC. However, this might be a result of confounding effects of lower average levels of these lipid traits observed in the case cohort. In order to determine true association of the above variants with lipid traits we tested for their association with dyslipidemia in the control cohort and found that the results are congruent with the susceptible nature of the CAD protective variants to dyslipidemia (S5 Table) . Further, the test of genetic association with CAD cases and nondyslipidemic controls yielded identical results compared to what was obtained with pooled sample of controls that included significant proportion of dyslipidemic subjects. The distinct effects of these variants observed in manifesting CAD and dyslipidemia suggest that there is a direct role of the APOA4-APOA5 intergenic variants of this region in regulating lipid traits. Given the pleiotropic nature of BUD13 and ZPR1 regulatory genes, an indirect risk reducing effect of these genes towards CAD could possibly be a result of their action mediated through other metabolic pathways such as inflammation, oxidative stress, thrombosis, blood glucose homeostasis etc. The interactions between the genes might also cause these varying effects of SNPs. For example, rs2187126, which is a protective variant of BUD13 regulatory gene show profound risk towards CAD through its interaction with APOA5-APOA4 intergenic risk variant rs1263171 (OR = 2.68; P value = 1.35 x10-05). Also interaction between rs6589566 and rs1263163 is observed to confer increased risk towards CAD (OR = 3.54; P value = 2.91 x10-07). Functional analysis of these variants would probably provide better insights into the precise roles of these genes in the 11q23.3 chromosomal region.
Conclusion
We found unique variants of 11q23.3 apo gene cluster region as associated with coronary artery disease in this population, which could be because of the differential genetic predisposition of Indians to complex genetic disorders, as compared to other ethnic groups. This was amply demonstrated in a few earlier studies with reference to cardiomyopathies [36] , recurrent miscarriages [37] , PCOS [38] and T2DM [39, 40, 41] . Most of the variants we observed to be associated with CAD in the present study belong to APOA5-APOA4 intergenic region and intronic regions of BUD13 and ZPR1 genes. Although these genes were reported earlier to have remarkable associations with lipid traits, we validated their significant effect in manifesting CAD. The most significant finding of our study is the high discriminative power of the risk scores based on the 12 significant SNPs, as illustrated by AUC (0.763 (95% CI: 0.729-0.798, p = <0.0001). This may suggest that these genetic variants possess substantial power to be the predictors of risk for CAD. This study also demonstrated significant interaction between regulatory genes of 11q23.3 region and intergenic APOA5-APOA4 protein coding genes to show distinct effects in manifesting CAD and dyslipidemia. Future studies on genetic association of CAD should include SNPs related to other metabolisms along with the above regulatory genes to get better insights into the mechanisms leading to the distinct effects of the genes observed in the present study. We are in the process of generating high throughput genotype data representing important pathways responsible for atherosclerosis as well as the other genes of lipoprotein metabolism. It may be pertinent to extrapolate this approach of focusing on disease specific domains of genome to other complex diseases which may help identifying important population specific and disease specific genetic markers. More aptly, a GWAS covering the broad ethnic elements in the Indian population with sizeable sample would provide genetic susceptibility profile for CAD at large. 
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